The occurrence of endogenous indole-3-acetic acid and ethylene in bryophyte tissue was tentatively demonstrated using gas chromatography, high performance liquid chromatography, and double-standard isotope dilution techniques. Rapidly elongating stalks (or setae) of Pellia epiphylla (L.) Corda sporophytes contain approximately 2.5 to 2.9 micrograms per gram fresh weight of putative free IAA. Ethylene released by setae increases during growth from 0.027 to 0.035 nanoliter per seta per hour. Application of 5 microliters per liter ethylene inhibits auxinstimulated elongation growth of this tissue, a result which suggests that both endogenously produced compounds act in tandem as natural growth modulators.
Morphogenetic processes in bryophytes appear to be regulated by hormones that are quite similar to those found in higher plants (3, 14) . This conclusion is based largely upon the interpretation of morphologic responses to exogenously applied growth regulators. Very few studies have been directed toward isolation and identification of endogenously produced hormones in these plants. Two well-documented exceptions are the chemical characterization of cytokinin from cultured mosses (2, 24) , and the identification ofa bibenzyl compound that apparently substitutes for ABA in liverworts (9, 17, 23) . Less convincing experimental evidence exists for the endogenous occurrence of auxin in bryophyte tissues (13, 18) . Criticism (21) has been directed especially toward the adequacy of ethanolic extraction and paper chromatographic purification techniques used until now for characterization, by bioassay, of the trace amounts detected. Ethylene released by Marchantia thalli, on the other hand, is readily detected with modern gas chromatographic techniques (6) . The response of thalli and other liverwort tissues to this hormone, however, remain almost completely unknown.
The object of this paper is to present further evidence for the occurrence of endogenous free auxin in bryophytes using a modified Bandurski extraction method (1) and a double-standard isotope dilution assay (4) . The seta of Pellia sporophytes was selected as experimental material because of its high sensitivity to exogenously applied auxin (1 1, 20, 22 C2M4 Measurements. One to two hundred whole seta segments (excised as described above) were placed in a 5-ml vial sealed with a serum septum. Vacuum was then applied by three 10-cc syringes with plungers held out for 4 min, after which the syringes were released and removed. After 15 min, a l-ml air sample was analyzed for C2H4 by flame ionization chromatography (10) .
IAA Extraction. Excised setae (20-35 g) were extracted by homogenization in 80% acetone as described by Bandurski and coworkers (1, 16 isotope dilution. A Beckman LS-7000 liquid scintillation system with microprocess controller was used for determination of radioactivity. For peak area values of diazomethane-treated, N2-dried, and tetrahydrofuran-redissolved IAA and IBA, a Varian aerograph 1400 GC equipped with a nitrogen/phosphorus detector was used.
RESULTS
Calculation of putative endogenous IAA in elongating setae of Peilia sporophytes by the double-standard isotope dilution assay indicates the presence of approximately 2.5 to 2.9 pg/g fresh weight of free IAA. Quantification was based on peak area ratios derived from GC profiles (Fig. 2) attributed to marked differences in fresh weight due to the massive water uptake by setae during growth (22) .
Exogenous C2H4 at 5 gl/l has no discernable effect on Pellia seta growth when compared to either length or width changes in control sections (Fig. 3) . Only with the use ofhigh concentrations of C2H4 (75 h1/) could significant effects be observed; under these conditions, seta length was reduced to the extent of 50% compared to that of controls, with no significant change in seta diameter. IAA at 10 pM stimulates seta lengthening maximally (a 70% increase is elicited by IAA at this concentration), but this stimulation is essentially abolished by application of C2H4 (Fig.  3) . 
DISCUSSION
Auxin assay data presented here provide tentative evidence for the occurrence of endogenous free IAA in bryophytes at levels 25 to 29 times greater than that reported in the only previous quantitative study (18) . Levels of auxin detected also fall within the upper range reported for higher plants using similar extraction and purification procedures (1, 7) . As (8) . It is therefore not surprising to find that increased C2H4 production (compared on a per seta basis) is associated with rapidly elongating Pellia setae.
The typical swelling response seen in dicot seedlings as a result of C2H4 application, however, is not detected in Pellia (Fig. 3) .
Presumably, the disrupted orientation of cellulose microfibrils that would normally result in this response (12) is little affected. The arrangement of microfibrils during seta growth is known to be unaffected by colchicine treatment (19) . Both colchicine and cellulose synthesis inhibitors, however, inhibit auxin-induced elongation of Pellia setae by amounts somewhat greater than that observed for ethylene inhibition (20) .
From this and previous studies, we can list auxin, ethylene, and lunularic acid (9) as being the three known growth regulatory substances found in Pellia setae. In light of the observed inhibition of auxin-stimulated growth by exogenous ethylene (Fig. 3) , it seems likely that both endogenously produced IAA and C2H4 act in tandem as natural growth modulators of seta elongation in Pellia. Lunularic acid (an ABA-like growth regulator in liverworts) could also act as a growth modulator by influencing auxinoxidase activity (15) . The manner in which these substances interact to control seta growth and development needs further investigation.
